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A SUMMARY OF XB-70 SONIC BOOM SIGNATURE DATA 


*>y 

Domenic J. Maglieri, Victor E. Sotlicott, and Thomas N. Keefer, Jr. 


SUMMARY 

This paper provides a compilation of measured sonic boom signature data derived from 39 
supersonic flights (43 passes) of the XB-70 airplane over the Mach number range of 1.11 to 2.92 
and an altitude range of 30,500 feet to 70,300 feet. These tables represent a convenient hard copy 
version of available electronic files which include over 300 digitized sonic boom signatures with 
their corresponding spectra. Also included in the electronic file is information regarding ground 
track position, aircraft operating conditions, and surface and upper air weather observations for 
each of the 43 supersonic passes. 

In addition to the sonic boom signature data, this paper also provides a description of the XB-70 
data base that has been placed on electronic files along with a description of the method used to scan 
and digitize the analog/oscillograph sonic boom signature time histories. Such information is 
intended to enhance the value and utilization of the electronic files. 

INTRODUCTION 

Over the past few years there has been a renewed interest in high-speed commercial flight with 
particular emphasis on addressing environmental issues (refs. 1-3). Sonic boom is one of the 
environmental issues of concern for High Speed Civil Transports (HSCT). A considerable amount 
of effort is now being focussed on this topic, following a long period of inactivity subsequent to the 
cessation of the NASA/DoD/FAA sonic boom activities in the early 1970’s. A significant initial 
event was a meeting of a panel of experts from industry, government, and university (ref. 4) to 
discuss the current status of sonic boom methodology and understanding, in particular, any 
advances or breakthroughs that may have resulted beyond that summarized at the second sonic 
boom symposium (ref. 5). Of particular interest is the measured sonic boom signatures for large 
heavy aircraft operating in the Mach-altitude range comparable with HSCT. NASA has recently 
provided electronic files of tabulated sonic boom signature data from several flight tests (refs. 6-10) 
along with airplane operating conditions and surface and upper level atmospheric information. The 
U.S. Air Force has also completed a series of sonic boom overflights (ref. 11) involving eight 
different supersonic aircraft and similar information is also provided on electronic files. Such 
electronic files will permit more effective and efficient use of these measurements in providing 
insight into generation, propagation, and prediction of sonic booms. 

The XB-70 is the largest aircraft for which sonic boom measurements have been obtained. A total 
of 12 flights (19 passes) were made with this aircraft over an array of microphones during the time 
period June 1966 through January 1967 as part of Phases I and II of the National Sonic Boom 
Program (ref. 6) and provided a data base of sonic boom signature characteristics acquired from 114 
boom measurements. These latter data are presented in reference 7 and are available on the 
previously mentioned NASA electronic files. 
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A large number of sonic boom measurements were also obtained on the XB-70 during the time 
period March 1965 through May 1966. These data, which were documented in the form of 
internal memoranda only, also provided inputs to the U.S. SST Program, particularly with respect 
to the expected magnitude of sonic boom overpressures for large commercial SST’s. The 
measured signature data contained in the numerous internal memoranda have also been used to 
confirm the existing prediction schemes (refs. 12-14) and have added to the data base relating to 
the variability in signature characteristics due to atmospheric effects (ref. 12). Complete 
documentation of sonic boom signature information, including aircraft operations and 
atmospheric conditions acquired during this latter time period (March 1965 through May 1966), 
has not been available in hard copy or on electronic files. 

NASA, therefore, undertook the task of placing this previously unreported XB-70 sonic boom 
data onto a electronic data file compatible with the previously mentioned NASA sonic boom 
electronic file. In addition, this present file includes the digitized boom signatures and spectra 
from the copies of the original oscillograph records. The utilization of the sonic boom electronic 
data file in quantifying effects of atmospheric turbulence and molecular absorption on sonic boom 
waveforms is a major thrust. 

The purpose of this report is to provide a hard copy summary of the measured sonic boom 
signature data derived from the 39 supersonic flights of the XB-70 (43 passes) over the Mach 
number range of 1.11 to 2.92 and an altitude range of 30,500 feet to 70,300 feet. In addition, this 
paper also provides a description of the XB-70 data base that has been placed on electronic file 
along with a description of the method used to scan and digitize the analog/oscillograph sonic 
boom pressure time histories. 


NATURE OF DATA BASE 

This section provides a description of the method used for the compilation and documentation of 
the XB-70 data base. Included is a description of the test aircraft, a summary of XB-70 flights, an 
indication of the basic aircraft flight plan and sonic boom measurement sites, aircraft position and 
operating conditions, atmospheric information, measured sonic boom signatures, and the method 
involved in scanning/digitizing the above information. The NASA Flight Research Center, with 
the cooperation of the U. S. Air Force, North American Aviation, Inc., and the Federal Aviation 
Agency, took advantage of the opportunity to measure and document the sonic booms generated 
during the supersonic phases of the Air Force XB-70 flight demonstration program. As a result, 
the data reflect no systematic parameter variations, uniformity in instrumentation layouts, or 
completeness in vehicle flights and atmospheric data. 

Each sonic boom run was initially documented in memorandum form. Included were: a brief 
information cover page; a table listing the measurement location, flight number, weight, Mach 
number and altitude conditions measured and, in a few cases, predicted overpressures and 
pertinent remarks; a sketch of the microphone arrangement; aircraft ground track in relation to the 
instrument site; flight parameters from the on-board data system; upper air temperature and wind 
velocity profiles; microphone calibration curves; and copies of the oscillograph traces of the sonic 
boom signatures. During a few of the sonic boom runs, chase aircraft were involved in the XB-70 
operations. These chase aircraft, which were not tracked, trailed the XB-70 by about 0.5 to 60 
seconds and flew at the same Mach-altitude conditions as the XB-70. Boom signature 
information from these chase aircraft was also included in the original documentation. 
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Description of Test Aircraft 


The majority of sonic boom data presented in this report and on the related electronic files are 
associated with the 43 passes of the XB-70. In addition, during the early portion of the flight test 
program there were 10 passes that involved chase aircraft and sonic booms were also acquired on 
these aircraft which included the B-58, F-4, and T-38. Descriptions of the primary and chase 
aircraft are presented in figure 1 . 

XB-70 . - Figure 1(a) is a photograph and three- view sketch of the delta-winged XB-70 aircraft. 
The XB-70 is the largest U.S. supersonic aircraft for which sonic boom measurements have been 
obtained. It is powered by six turbojet engines, all housed side-by-side in a rectangular 
arrangement, and has a length of about 185 feet and a span of 105 feet. Takeoff gross weights 
varied from about 440,000 pounds to 535,000 pounds and aircraft weights at the time of boom 
were on the order of 300,000 pounds to 470,000 pounds. These weight estimates are believed to 
be accurate to within + 10,000 pounds. 

Both the XB-70 #1 and XB-70 #2 aircraft were involved in the sonic boom flights. These two 
vehicles are essentially similar in all aspects with the exception that the #2 ship had 5 degrees 
more wing dihedral. Each aircraft has a "drooped” nose windshield and wing tips that fold 
downward for high-speed flight. On all sonic boom runs at Mach numbers above 1.3, the nose/ 
windshield was in an up position and wing tips were at 65 degrees downward. On sonic boom 
runs at Mach numbers below 1.3, the wing tips were at 25 degrees downward. 

Chase aircraft . - Three chase aircraft were involved in 10 of the 43 XB-70 sonic boom passes. 
The B-58 was involved as the chase plane on all 10 of these flights. On one flight, a F-4 was also 
used as a chase aircraft along with the B-58 and on another flight the T-38 was used as a chase 
aircraft along with the B-58. A photograph and a three-view sketch of each of these aircraft is 
presented in figure 1. The B-58 is a delta wing bomber of about 100,000 pounds gross weight, 
powered by four pod-mounted turbojets, is about 97 feet in length and 57 feet in span. The F-4 
has a gross weight of about 56,000 pounds, is powered by two turbojet engines, has a length of 
63 feet and 28 feet in span. The T-38 has a gross weight of about 20,000 pounds, is powered by 
two turbojet engines, has a length of 47 feet and 25 feet in span. 

Summary of XB-70 Flights 

This section identifies the number of XB-70 flight operations for which sonic booms were 
measured out of the total number of flights made by both the #1 and #2 vehicles. Included in the 
present study are the sonic boom runs that took place during the time period March 1965 through 
May 1966, and are tabulated along with those flights that were specifically assigned to the Phase I 
and II National Sonic Boom Program during the time period June 1966 through January 1967, 
which are documented separately on hard copy (refs. 6-7) and on the previously mentioned 
NASA electronic files. 


Total number of flights . - In Table I are presented a cumulative listing of the flights for both 
XB-70 aircraft which began on September 21, 1964 and concluded on February 4, 1969. A total 
of 83 flights were made with the #1 ship and 46 flights with the #2 ship. Also indicated in the table 
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are the pilot/copilot assignments, the maximum Mach number and altitude obtained on each 
flight, and the total flight time. Note that the highest Mach number and altitude flight (No. 74) of 
3.07 and 73,000 feet were achieved with the 32nd flight of aircraft #2 (Flight 2-32) on April 8, 
1966. The longest duration of flight (No. 47), 3 hours and 40 minutes, was with the 30th flight of 
aircraft #1 (Flight 1-30) on January 6, 1966. 

Sonic boom runs . - Of the 129 flights accomplished during the almost 5-year flight program 
involving the two XB-70 aircraft, sonic boom measurements were acquired on 51 flights (noted 
by the blacked-in circle and square symbols). Of these 5 1 flights, 39 relate to the present effort 
(circle symbols) and 12 flights relate to a previously documented XB-70 electronic data base 
(square symbols). 

In Table II is presented a listing of the 39 flights (42 passes) for which sonic booms were obtained 
during the March 1965 through May 1966 time period, and are reported in the present paper. 
Included is the flight date, flight number, takeoff time and gross weight, total flight time, time of 
sonic boom arrival at the measuring site (accurate to within + 15 minutes of actual boom time), 
the aircraft Mach number, altitude, and gross weight at the time of boom, and the aircraft landing 
weight. It is important to note that Mach number and altitude conditions listed for any given sonic 
boom run in Table II will, in most cases, not match up with those listed in Table I, since only the 
maximum Mach number, altitude, and flight time duration attained on the flights are listed in the 
latter. Also shown in Table II is a column designated DJM File #. This numbering system was 
added to facilitate the identification of the sonic boom information contained on the electronic 
files and is discussed in more detail in a later section of this report. 

Aircraft Flight Plan and Measurement Sites 

The U.S. Air Force XB-70 Flight Demonstration Program involved a basic flight plan/ground 
track. As such, the sonic boom measurement locations were chosen based upon three key factors: 
the requirement for an omnidirectional radio range navigation station to guide the XB-70 pilot 
over the instrumented site, the XB-70 flight plan, and the availability of radar tracking and 
weather data. 

Basic flight plan . - The basic flight area utilized by the XB-70 was contained within a north-south 
pattern some 600 miles long by 170 miles wide, as shown in figure 2, and includes the states of 
California, Arizona, Nevada, Idaho, and Oregon. All aircraft takeoffs were out of Edwards AFB, 
California, which was also the designated landing site. For the 39 flights (43 sonic boom passes) 
of the present paper, takeoff times ranged from as early as about 0650 hours local time to as late as 
1539 hours and flight durations varied from about 1 hour, 27 minutes to about 2 hours, 
27 minutes. Although a few sonic boom measurements were obtained before 0900 hours and as 
late as 1646 hours, the majority of the measurements were made between 1000-1300 hours. 

Measurement sites . - The five sonic boom measurements sites utilized for the 39 flights are 
illustrated in figure 2 and include two sites at Edwards AFB, California; one at Boron, California; 
one at Beatty, Nevada; and one at Coaldale, Nevada. Of the two Edwards sites, one was located at 
the east edge of Edwards dry lake and designated Lake site and one was located 6 miles north of 
Edwards and designed site 3. The inset table in figure 2 lists the five site locations, their elevation, 
and the sets of measurements acquired at each site. Eight sets of measurements were acquired at 
the Lake site, and twenty-four (24) measurements were at site 3. The elevations of these two 
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Edwards sites are 2300 feet and 2700 feet above sea level, respectively. The Boron site is about 
12 miles east of Edwards AFB and is at an elevation of 2400 feet. A total of twelve (12) sets of 
measurements were acquired at this site. The Beatty site, used for only one (1) set of 
measurements, was at an elevation of 4950 feet; the Coaldale site, used for eight (8) sets of 
measurements, had an elevation of 4800 feet. All of the test sites were generally flat and free 
from any obstruction for at least 1000 feet in any direction. Although the intent was to locate the 
sonic boom measurement site underneath the XB-70 flight track, this was not always possible. As 
such, the site locations ranged from being directly under the aircraft flight path to as much as 
15 miles to the left and 8 miles to the right of the aircraft ground track. 

Microph one arrangements . - Two basic microphone arrangements were utilized for the sonic 
boom measurements at the test sites and these are illustrated in figure 3. One arrangement, shown 
at the lower left portion of the figure, involved four (4) microphones, three located at ground level 
at 200-foot spacings and one at a 20-foot elevation. The second arrangement, shown in the upper 
right portion of the figure, involved eight (8) microphones, six located at ground level at 100-foot 
spacings and two at a 20-foot elevation and also separated by 100 feet. The 100-foot and 200-foot 
microphone separations permit a measure of sonic boom signature variability due to atmosphere 
influences (primarily resulting from the lower layers of the earth’s boundary layer). Although the 
20-foot microphone elevation is insufficient to completely separate the incident and reflected 
signatures, it does provide for a measure of “free-air” bow-shock overpressures. 

In the majority of the measurement program, the ground microphones were positioned at ground 
level in a 3-foot by 3-foot board with their diaphragm parallel to the ground surface. This setup 
was complemented on some of the later flights (8) with a “milk stool” arrangement wherein a few 
of the microphones were suspended by rubber bands about 9 inches above the ground, the 
diaphragm still parallel with the ground surface. Although the 9-inch height allows for a shock 
reflection, it is so minor it had very little effect on the measured signature in terms of 
overpressure, shock rise times, and signature duration. On four runs, a very thin plastic covering 
over the entire “milk stool” arrangement of one microphone was examined from the aspects of a 
windscreen/rainshield. In these relatively few altered versions of the microphone arrangements, 
side-by-side comparisons were made with the flush-mounted basic microphone placement. The 
effects regarding overpressure levels and signature shapes for any of the nonbasic arrangements 
were noted to be minor. 

Instrumentation system. - The sonic boom instrumentation system used to record the boom 
signatures was developed by NASA in the 1961 time period (ref. 15). This basic analog system, 
shown schematically in figure 4(a), consisted of a modified condenser microphone, tuning unit, 
d.c. amplifier, and FM tape recorder and had an overall flat frequency response of from about 
0.1 Hz to 10 KHz. Playbacks of the analog sonic boom signature data into a recording 
oscillograph having 5 KHz galvanometers limited the high frequency response to 5 KHz. The 
transient response of the entire system was evaluated. The findings indicated that the sonic boom 
instrumentation system is capable of measuring rise times as short as 50 microseconds. Extension 
of the low frequency end of the system to faithfully reproduce the expansion portion of the sonic 
boom signature was accomplished by changing the configuration of the microphone vent chamber 
to extend the low end frequency roll-off from about 10 Hz to 0. 1 Hz (see fig. 4b). 

Knowledge of the frequency responses of die measuring, recording, and playback systems is, of 
course, important in regard to the digitizing of the oscillograph copies of the sonic boom 
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signatures. Since the original signatures were played through a 5 KHz galvanometer, the 
digitizing rate of the optical scanning system should be about 10 KHz in order to maintain the 
required fidelity in reproduction of the signatures. 

Aircraft Position and Operating Conditions 


Information relating to the XB-70 ground track and position and operating conditions with respect 
to the sonic boom measurement site was acquired by means of ground-based radar and the XB-70 
onboard data system. The type of information provided by each system during the time of the 
sonic boom passes, and included in the original hard copy format, is discussed below. Chase 
aircraft, when involved, were not tracked and information regarding the Mach number and 
altitude conditions and fuel remaining (to estimate aircraft weight) at time of boom were obtained 
by the pilot from the aircraft instrumentation. 

Ground track . - A typical radar ground track of XB-70 #2, Flight #7 (DJM File #10) at a nominal 
Mach number of 1.42 and at an altitude of 31,000 feet above mean sea level (MSL) is presented in 
figure 5. Note that the aircraft was heading north and the measurement site was located 4500 feet 
to the right of the aircraft ground track. Also indicated on the ground track line at 2-second 
intervals are time marks from which aircraft ground speed can be obtained. The approximate 
point of origin of the boom is also identified (that is, the position of the aircraft along its flight 
path where the boom was generated that was measured at the test site) and is calculated assuming 
a standard atmosphere (ref. 16). In most of the sonic boom runs, the XB-70 maintained straight, 
steady, level flight for considerable distances up-track from the point of origin of the boom. 
However, there are cases where the aircraft was in a slight turn. In all cases, however, the booms 
can be considered steady-state events. 

Aircraft operating parameters . - An indication of the type of information relating to the aircraft 
operating conditions for XB-70 #1, Flight #45 (DJM File #36) obtained by means of the onboard 
flight data system, are presented in figure 6. Time histories of altitude, Mach number, angle of 
attack, and normal acceleration are shown at about 10-second intervals for about a 90-second time 
period during the sonic boom run. The time of zero origin is usually taken as the overhead 
position of the aircraft at the measurement site (or closest point of approach from the aircraft 
ground track to the measurement site). Also noted is the approximate point of origin of the sonic 
boom which correlates the aircraft onboard operating conditions to the radar ground track 
information of figure 5. For the flight conditions reflected by the data in figure 6, it is apparent 
that the XB-70 flight was quite steady in terms of Mach number and altitude (Mach 2.23 and 
53,000 feet) and was flying steady at lg. 

Since the aircraft was always under radar control, there are two independently generated sets of 
data for Mach number and altitude, one obtained from the radar data and one from the aircraft 
onboard instrumentation. The correlation of these two data sets, presented in figure 7, may be of 
interest. It can be seen that the XB-70 onboard data shows a slightly higher altitude (about 2000 
feet) than the radar data and a slightly lower Mach number (about 0.02 M) than the radar results 
would indicate. This is expected since the onboard system data were derived from local ambient 
conditions in real time, whereas the radar data utilizes upper air atmosphere observations based on 
a standard atmosphere or information from actual sonde launches at location and times different 
from those of the aircraft. All of the aircraft operational data of the present paper are obtained 
from the onboard flight data system. 
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Atmospheric Information 


For most sonic boom flight tests, two types of weather information are catalogued: upper air and 
ground surface-climatological data. During the subject flight tests, data from rawinsonde releases 
were utilized and documented. These data were recently enhanced with archival upper air and 
surface data observations from the National Oceanographic and Atmosphere Administration 
(NOAA) files. Following is a description of the atmospheric data associated with these 39 flights 
(43 sonic booms passes). 

Upper pir temperature and >vind profiles . - During the XB-70 sonic boom measurement effort 
in the March 1965 through May 1966 time period, rawinsonde upper air data were acquired from 
weather stations in the vicinity of the five measurement sites and also within an hour or so before 
or after the sonic boom run. The weather site was within 15 miles of the two Edwards and Boron, 
California, locations. For the two Nevada sites, Beatty and Coaldale, weather was obtained from 
weather stations at Las Vegas and Winnemucca, Nevada, respectively. Las Vegas is about 
100 miles south of Beatty and Winnemucca is about 200 miles north of Coaldale. 

NASA sonic boom prediction schemes (ref. 16), in existence at the time, called for atmospheric 
data inputs of temperature and wind information and, thus, this is all that was gleaned from the 
rawinsonde package; specifically, a temperature profile from near surface level to an altitude 
5000 feet or so above aircraft altitude and corresponding profiles of the wind components parallel 
and perpendicular to the aircraft flight track. An example of such data is given in figure 8 which 
relates to XB-70 #2, Flight #6 (DJM File #9) flying at an altitude of 33,000 feet MSL at Mach 
1.35. Data of the type shown in figure 8 are provided on electronic files for each run. 

Arch i va l upper a i r data - - In order to enhance the value of the sonic boom measurements 
presented in this paper, particularly with reference to the influence of the atmosphere on signature 
distortions, NOAA archival upper air data were acquired for the 39 days on which the sonic boom 
flights were conducted. These standard rawinsonde launches occurred twice per day at 
1200 hours and 2400 hours at Edwards AFB, California, and at Yucca Flat and Tonapah, Nevada. 
These latter two weather sites were used to represent the Beatty and Coaldale measurement sites 
respectively. Yucca Flat is about 40 miles east of Beatty and Tonapah is about 40 miles east of 
Coaldale. These data, like all the atmospheric information cited in this report, are available only 
on electronic file and will consist of temperature, pressure, relative humidity, and wind speed and 
direction at significant altitudes (about every 50 mb). 

Archival . gprfacc-climatQlQ g iqal data - Surface observations, along with cloud cover and 
precipitation, were not acquired at the time of the actual sonic boom tests. However these data 
are also available from the NOAA archival files for Edwards, California, and Yucca Flat and 
Tonapah, Nevada. These data are included on the electronic files of the present study effort. The 
NOAA surface-climatological data are provided in hourly intervals and contain temperature, dew 
point, wind speed and direction, cloud cover and precipitation. This information is provided at 
that time closest to the sonic boom time. 
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Sonic Boom Signatures 


This section will provide an indication of the quality and character of the measured sonic boom 
signature traces available on the electronic files. It should be recalled that at the time this 
information was being acquired and documented in memorandum format, its primary use was 
relating sonic boom overpressure levels for the large aircraft to the predicted levels that would be 
associated with the U.S. SST. The XB-70 boom signature results were initially utilized in 
confirming and improving on the predictive techniques and providing insight into the influence of 
the atmosphere on signature distortion, especially in terms of shock front rise times as it related to 
subjective response. Much information remains to be gleaned from the data set; thus, this section 
will also address signature variability and specify waveform categories and sonic boom signature 
descriptors that are consistent with those of other sonic boom electronic data bases (refs. 6-10). 

Typical oscillograph traces . - An example of the type of sonic boom traces that are included in 
each of the original memoranda documenting sonic boom test flights is given in figure 9. This 
example is for XB-70 #2, Flight #7 (DJM File #10) over the Coaldale, Nevada, test site which 
consisted of the four microphone arrangements as shown in figure 3. Since the B-58 chase 
aircraft was following behind the XB-70, its boom signature was also recorded at the site some 
3.6 seconds later. Because of the large size of the XB-70 and the fact that it is flying at a relatively 
low Mach number and altitude, the signature measured at ground level is not a simple far-field N- 
wave (as shown for the B-58) but is a near-field signature containing an intermediate shock. In 
general, most of the signatures of figure 9 exhibit fairly short shock rise times and reflect little 
influence of atmospheric effects. Some peaking and rounding of the waveform can be noted on 
the B-58 signatures from microphones 5 and 7, respectively. The oscillograph copies of the 
measured boom signatures, typified by the examples shown on figure 9, have been digitized and 
are included on the electronic files. 

Signature variability. - Examples of measured sonic boom signature variability observed with 
the XB-70 is shown in figure 10. The three signatures illustrated are taken from one of the ground 
level microphones, specifically, microphone 4 of XB-70 #1, Flight #33 (DJM File #27), 
microphone 2 of XB-70 #2, Flight #18 (DJM File #26), and microphone 6 of XB-70 #1, Right 
#42 (DJM File #35). A “normal” far-field N-wave with fairly short rise time shock fronts was 
observed on XB-70 #2, Flight 18, whereas, a “spiked-peaked-rounded” and “rounded” waveform 
with longer rise time shock fronts were observed on XB-70 #1, Flight #33 and XB-70 #1, Flight 
#42, respectively. Such a wide range of signature variation brought about by the atmosphere, was 
not, at the time these tests were being conducted, totally unexpected and had been observed in 
earlier flight tests (refs. 10 and 17). 

Waveform categories . - In previous sonic boom flight test programs, a set of waveform 
categories has been established to reflect the character of the boom signature observed. These 
same ten waveform categories, illustrated in figure 11, are used to catalogue the signatures of the 
present report. In addition to the ten wave shapes, word descriptions are also given to each of the 
categories by means of a single, two, or three letter designation; for instance, a type “NP” was 
judged to be intermediate between a type “N” normal N-waveform and a type “P” peaked 
waveform. An “SPR” is a “spiked-peaked-rounded” signature. Such designators are included on 
both the hard copy listings contained in this report and on the associated electronic files. 
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Signature descriptors. - The key parameters associated with the measured sonic boom signatures 
are illustrated in figure 12 and include the positive pressure Ap, positive impulse I pos , duration of 
the positive phase of the signature Atp OS , total duration of the waveform AT, and bow shock wave 
rise time t (readings at 1/2, 3/4, and AP max ). Each of these quantities, along with the waveform 
category are listed in Table III of this report and on the associated electronic files. 

SCANNING AND DIGITIZING METHODS 

The information presented in this section is intended to provide a description of the scanning and 
digitizing methods which were utilized in converting the oscillograph record data contained in the 
original memorandum documentation of the sonic boom runs. Descriptions relate to the boom 
traces (such as shown in fig. 9), radar ground tracks of aircraft position (such as those shown in 
fig. 5), aircraft operating parameters from the onboard data system (such as those shown on 
fig. 6), and the atmospheric data (such as those shown in fig.8). 

Sonic Boom Signatures 

Earlier in this report it was noted that the oscillograph traces of the measured sonic boom 
signatures were recorded with a system having a flat frequency response of 0.01 Hz to 5 KHz; 
thus, in order to maintain the same fidelity for the electronic files, a digitizing equivalence of 
about 10 KHz is required. Since the hard copies of the original oscillograph signature traces were 
already established and optical scanners have an upper limit on scanning rate and also length, a 
manipulation of the hard copy traces was required. In addition, since some of the oscillograph 
copy signature traces were quite light in contrast to the background, some “hand- drawn” 
enhancement of the signatures was done at the time of the original memorandum preparation, 
especially regarding the shock front where the galvanometer is required to respond to the rapid 
change in pressure. These relatively few “smoothing” exercises were found to have little effect 
on the electronic reproduction, particularly on the shock rise times, because of the manner in 
which the optical scanning was accomplished. 

R ffiQrfl preparation . - The overall length of the XB-70 sonic boom signature traces provided in 
the copies of the oscillograph records varied from about 2.0 inches to about 5.0 inches and 
represented time durations of from about 200 ms to 350 ms, depending upon the aircraft flight 
altitude and Mach number. An optical scanner having a scanning rate of 300 readings per inch 
over a 10 inch length was used; thus, for an original record length of about 4.06 inches, 
representing a time duration of the boom signature of 0.296 seconds (see fig. 13), a digitizing rate 
of about 4115 Hz is available. This, of course, is less than half the 10,000 Hz rate required to 
maintain the 5 KHz frequency response. In order to approach the desired 10 KHz digitizing rate, 
the oscillograph trace was enlarged by a factor of slightly greater than 2.0, as shown in figure 13, 
to about 8.90 inches in length. Thus, scanning the expanded signature of duration 0.296 seconds 
at 300 readings per inch results in a digitizing rate of about 9020 Hz. The combination of 
variations in total length of the original signatures and scanner limits did not permit reproduction 
of all the traces to the 5 KHz upper limit, rather their upper frequency falls between 4 KHz and 
5 KHz. 
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Optical scanner. - The nature of operation of the optical scanner can be discussed with the aid of 
figure 14 which presents, once again, the expanded sonic boom signature of figure 13. Since the 
scanner is set to read downward while moving from left to right, the signature of figure 14 had to 
be “cleaned up.” The ambient pressure line and time tick marks, beyond the point at which the 
pressure trace goes negative, must be removed; so, also, must any blemish on the record that will 
block the scanners view of the sonic boom signature trace. It was mentioned earlier that some of 
the oscillograph signature traces had “drop outs” or were “enhanced” by hand to provide a more 
defined trace, especially at shock fronts. The “gaps” in the signatures (for example on the 
expansion portion of the signature following the bow shock) are filled in prior to scanning. Since 
the scanner reads vertically downward, the few “enhanced hand drawn” shock fronts will not be 
read as having negative rise time. A comparison of the original sonic boom signature of figure 13 
to the digitized version is shown in figure 15. It can be seen that the scanning/digitizing process 
provides a very good reproduction of the original boom trace. A comparison of all eight (8) 
original signatures acquired on the XB-70 #1, Flight #7 (DJM File #1), with those reproduced by 
the scanning and digitizing process, is given in figure 16. The digitized signatures compare very 
well with copies of the original traces. 


Signature Spectra 

Since all of the original hard copies of sonic boom signatures have been digitized, it is now 
possible to obtain a noise spectrum for each also to be placed on the electronic files. In figure 17 
is presented a spectrum of the digitized sonic boom signature from microphone #1 of XB-70 #2, 
Flight #21 (DJM File #16). Also shown in the lower left comer of the figure is a copy of the 
boom waveform. 

In order to provide a baseline for comparison, the spectrum of an ideal N-wave having the same 
overpressure and period as the signature given in figure 17 has been plotted in figure 18. Also 
shown in the lower left comer of the figure is a sketch of the N-wave that was analyzed. The 
information on the N-wave spectrum is also provided on the electronic files. 

The majority of the sonic boom signatures were scanned from a point beginning with the onset of 
the bow shock and were terminated after the pressure trace returned to the ambient level 
following the tail shock recompression. In a few cases, however, scanning was terminated prior 
to the time that the boom pressure trace returned to ambient pressure. In so doing, a “step” was 
introduced into the digitizing process and this “step” cutoff would appear as a “shock” in the 
spectrum analysis and might result in the enhancement of high frequencies. The effect of this 
abrupt termination of the pressure time history is illustrated in figure 19. In the upper left portion 
of the figure is presented the digitized signature for microphone #6 of XB-70 #1 , Flight #40 (DJM 
File #33). Note that the signature has been terminated about 50 ms after passage of the tail shock 
(overpressure is about 10% of the maximum bow shock level) and is indicated by the vertical 
“dotted” line. The spectrum associated with this signature is given in the upper right portion of 
the figure. For comparison purposes, this same digitized signature shown in the lower left portion 
of the figure, is allowed to recover to ambient pressure in a more gradual fashion (noted by the 
sloping “dotted” line) as would be expected in the actual case. The corresponding spectrum is 
given in the lower right portion of the figure. To assist in the comparison, a reference line is 
provided on each of the two spectrum plots. As expected, the abrupt termination results in a very 
slight increase in spectrum level at frequencies beyond 500 Hz. 
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Aircraft Ground TYacks 


The radar ground track information of the type shown in figure 5 was also scanned and digitized 
for all the XB-70 sonic boom runs for inclusion in the electronic files. Preparation of the copies of 
the ground tracks from the original memoranda for scanning purposes were conducted in a 
manner similar to that used for preparing the boom signatures for reading. Scanning was 
accomplished at a scale equal to the 2-second timing marks along the complete ground track. The 
horizontal and vertical scales, along with the other information contained on the hard copy, were 
added to complete the digitizing. A comparison of the original aircraft ground track information 
for the XB-70 #1, Flight #7 (DJM File #1) with that produced using the scanning/digitizing 
method is given in figure 20. 

Aircraft Onboard Operational Data 

Aircraft operation parameters of the type shown in figure 6, including altitude, Mach number, 
angle of attack and normal acceleration, have also been scanned and digitized for all XB-70 boom 
runs and are included on the electronic files. Once again, the original hard copy plots were 
prepared for scanning and digitizing. For these operating parameters, the maximum scanning rate 
of 300 readings per second was used for the entire trace, however, the data are plotted at 4-second 
intervals. A comparison of the original onboard aircraft operating conditions for XB-70 #1, 
Flight #7 (DJM File #1), with those produced using the scanning/digitizing method are given in 
figure 21. Note that the digitized traces are not as smooth as the original ones because of the 4- 
second plotting rate. 


Test Site Weather 


During the 1965-1966 sonic boom test period, upper air atmospheric information was provided 
for each test run in the form of a temperature and wind profile. In order to enhance this sonic 
boom data base in terms of additional weather data, NOAA archival rawinsonde data and surface 
and climatological data were acquired and these latter data, along with the initial profile data, are 
included on the electronic file. 

Upper air temperature and wind profiles . - The upper air temperature and wind profiles shown 
in figure 8 were also scanned and digitized for all XB-70 runs. Following the preparation and 
cleanup of these data plots, a maximum scanning rate of 300 readings per inch was utilized. A 
comparison of the original temperature and wind profiles associated with XB-70 #1, Flight #7 
(DJM File #1), with those produced using the scanning/digitizing method, is given in figure 22. It 
should be noted the Fahrenheit temperature scale was used on about 40 percent of the original 
data and the Celsius temperature scale for the remaining 60 percent. The Celsius scale is listed in 
the current electronic file. Thus, one may note a very slight difference in the two temperature 
profiles given in figure 22. 

Archival upper air data . - The 1200-hours and 2400-hour rawinsonde data acquired from 
NOAA was in hard copy tabular format with listings of atmospheric pressure, temperature, 
relative humidity, and wind velocity and direction at about every 50 mb feet of altitude. Each of 
these atmospheric parameters are hand-entered onto the electronic file in tabular format. 
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Archival surface-climatological data . - NOAA provides these data in hard copy format for each 
test site at one-hour intervals throughout the day. The data for the hour closest to the estimated 
boom times are hand-entered into the electronic files. 

DATA FILE FORMAT 

There are two types of data file format that documents the results of the sonic boom tests which 
were accomplished during the March 1965 through May 1966 time period using the XB-70: (1) a 
hard copy version (the present report), and (2) an electronic file copy which may be requested 
through the NASA Langley Research Center. The hard copy version, which is the present report, 
is intended to provide tables listing all the sonic boom signature parameter descriptors for all the 
flights, and also to describe the XB-70 sonic boom data base and how it has been adapted to an 
electronic file. Thus, it does not contain complete listings of aircraft ground tracks and operating 
conditions nor does it provide the atmospheric data. The electronic file, on the other hand, 
contains all of the sonic boom signature parameters/descriptors including the digitized signatures 
and the spectrum of each signature, aircraft tracking and operating conditions, and all of the 
atmospheric data. Pertinent discussions on each are given below. 

Hard Copy Listings 

The pertinent information summarizing the 39 XB-70 sonic boom flights of March 1965 through 
May 1966 are contained in the master data spreadsheet given in Table IV. Included in the table is 
a grouping of information for each flight (which is identified by a designated DJM file number) 
regarding the XB-70 test aircraft, chase aircraft, measurement sites, microphone arrangements, 
and type sonic boom signature (near-field or far-field). Table IV is intended as a central location 
of key information contained in Table II: the radar ground tracks, onboard operating conditions, 
measurement sites, and microphone arrays. This information, in combination with the listings in 
Table Id which provides a summary of XB-70 sonic boom signature characteristics and 
corresponding aircraft operating conditions, should provide a fairly complete picture of this sonic 
boom data base, in particular, to users of the electronic data base. The format and listings in 
Table III are similar to the XB-70 data from Phases I and II of the National Sonic Boom Program 
conducted at Edwards AFB during the June 1966 through January 1967 time period and reported 
in references 6 and 7. 


Electronic File 

The XB-70 electronic database disk guide for the sonic boom flights of March 1965 through May 
1966 are given in Table V. Each of the diskettes are organized by a DJM file number and the first 
listings shown in the table describes the information found on each set of file disks. Following this 
initial listing is a breakdown of the file names used and a description of the file formats. Included 
in the latter listing is an indication of approximate number of lines in each of the files (as many as 
about 2000 to 4000 lines for the signatures to as few as 20 to 30 lines for one onboard aircraft 
parameter). Note also that the electronic files contain the digitized sonic boom signature, 
signature spectra, and singnature characteristics corresponding to the B-58, F-4, and T-38 aircraft 
that were involved as chase aircraft on 10 of the 43 XB-70 sonic boom passes. 
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CONCLUDING REMARKS 


This paper provides a summary of measured sonic boom signature data derived from 
39 supersonic flights (43 sonic boom passes) of the XB-70 airplane over a Mach number range of 
about 1.11 to 2.92 and an altitude range of from 30,500 feet to 70,300 feet. These tables represent 
a convenient hard copy version of available electronic files which include over 300 digitized sonic 
boom signatures with their corresponding spectra. Also included on the electronic file is 
information regarding ground track position aircraft operating conditions and surface and upper 
air weather observations for each of the 43 sonic boom passes. 

In addition to the sonic boom signature data, this paper also provides a description of the XB-70 
data base that has been placed on electronic file along with a description of the method used to 
scan and digitize the analog/oscillograph sonic boom signature time histories. Such information 
is intended to enhance the value and utilization of the electronic files. 
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- denotes sonic boom measurements (39 flights * 43 sonic boom passes) - current task 

- denotes sonic boom measurements (12 flights - 19 sonic boom passes) - on existing NASA LaRC electronic files 



TABLE II - XB-70 SONIC BOOM LOG 
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Total number of sonic boom flights = 39 
Total number of sonic boom passes = 43 


TABLE III - SUMMA RY OF XB-7Q SONIC ROOM SIGNATURE 
CHARA CTERISTICS AND CORRESPONDING AIRCRAFT 

OPERATING CONDITIONS. 
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.1451 0.2509 0.1837 0.0025 0.0004 0.0003 

.1443 0.2496 0.1769 0.0351 0.0006 0.0003 
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.1517 0.2810 0.1187 0.0063 0.0035 0.0005 
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T ABLE IV - MASTER DATA SPREADSHEET 
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HI = report number and pass number, m## = microphone number 
r012m01.xy - report 1, site 2, microphone 1 
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On Board Temperature Data: (example tempOl.xy) 
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Data: (example: normOl.xy) 
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Figure 2.- Typical XB-70 flight plan and sonic boom measurement locations 
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Figure 3.- Typical sonic boom measurement station layouts. 
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Figure 4.- Sonic boom measurement instrumentation. 







XB-70 #2 Flight #7 (DJM File #10) Mach 1.42 31,000 ft. MSL 
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Figure 5.- Typical radar ground track information. 



Approx, point of 
origin of boom 
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Figure 6.- XB-70 onboard operational flight data. 
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Figure 7.- Comparison of aircraft Mach number and altitude results 

obtained from onboard flight systems and ground based radar. 



XB-70 #2 Flight #6 (DJM File #9) Mach 1.35 33,000 ft. MSL Boom Time 1220 hrs. 
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Figure 8.- Sample of upper air weather information developed from 
Rawinsonde data during test time period. 


XB-70 #2 Flight #7 (DJMFile#10) Mach 1.42 31,000 ft. MSL 

B-58 Mach 1.42 31,000 ft MSL 



Figure 9.- Samples of measured sonic boom signatures. 






Type Type 
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Figure 11.- Sonic boom waveform categories. 
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Figure 12.- Sonic boom signature descriptors. 
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Figure 13.- Methods of preparing sonic boom traces for optical scanning 
and digitizing. 



scanner movement (left to right) 
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Figure 14.- Nature of optical scanner operation. 


XB-70 #1 Flight #7 (DJM #1) microphone #1 (20-foot mast) 
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Figure 15.- Comparison of original and digitized sonic boom signature. 



Microphone 1 
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Figure 16.- Comparison of original sonic boom signatures from XB-70 #1 
Flight #7 (DJM #1) with those produced using scanning and 
digitizing method. 
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Figure 16.- Concluded. 
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Figure 17.- Spectrum of digitized sonic boom signature. XB-70 #1 
Flight #21 (DJM #16) microphone #1. 
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Figure 18.- Spectrum of N-wave sonic boom signature. 
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(a) original trace 
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Figure 20.- Comparison of original aircraft ground track information for 

XB-70 #1 Flight #33 (DJM #27) with that produced using the scanning / 
digitizing method. 
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(a) original trace ( b ) digitized trace 

Figure 21.- Comparison of original onboard aircraft operating conditions 

for XB-70 #1 Flight #7 (DJM #1) with those produced using the scanning/ 

digitizing method. 
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(b) digitized traces 

Figure 22.- Comparison of original temperature and wing profiles associated 

with XB-70 #1 Flight #7(D JM #1) with those produced using the scanning/ 
digitizing method. 
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